ABSTRACT
Synthesis and Characterization of In2s3 Nanoparticles by Electrochemical
parameters, such as current density, distance between two electrodes and volume of Na 2 S solution. The synthesis is optimized to 20ml of Na 2 S. The nanoparticles thus, formed was washed repeatedly with distilled water, until sodium sulphide is completely removed, centrifused and calcined, for 2hr to remove sodium and hydroxide impurities, which was formed, due to electrolysis and atmospheric oxidation. High melting point of indium sulphide (1,050 o C) affords calcinations to 800 0 C. 
Determination of Photo catalytic Activities
The photo reactivity of nanocatalysts are influenced by variables, such as the dopant, pH of solution, dosage of photo catalyst, concentration of dye and exposure to different source of light iz. sunlight and UV light [34, 35] . Indigo carmine (IC) dye (Molecular formula: C 16 H 8 O 8 N 2 S 2 , Molecular weight: 466.16, λ max =610 nm) solution was prepared by dissolving in distilled water (1 × 10 -4 M stock solution). This solution was used as test contaminant, for evaluating photo catalytic activities. To assess the photo catalytic efficiency of the prepared nanoparticles, photo degradation experiments were carried out using different concentration of Indigo carmine dye, as substrate and different concentrations of In 2 S 3 as catalyst. A calculated amount of catalyst was added to the dye solution, stirred in dark for 1 min to establish adsorption/ desorption equilibrium between dye and nanoparticles, and then illuminated under 8 W UV source to induce a photochemical reaction. Aliquots were taken at an interval of 5 minutes and percent transmittance was determined.
To account for the mineralization of dye Chemical Oxygen Demand (COD), was determined at different stages.
The COD was measured according to the standard dichromate titration method [36, 37] . The decrease in COD (mg/ L) and increase in % T of the dye solution, with color removal was observed. The formation of different radical species, during photo degradation is given in Scheme 2. The dye was found to have mineralized into H 2 O, CO 2 and simpler inorganic salts, after being irradiated using In 2 S 3 photo catalyst.
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The adsorption and photo catalytic conversion (g %) was calculated as follows [38] :
The photo degradation efficiency of the catalyst was calculated by following Formula
The mechanism of photo degradation can be represented as follows [39, 40] : 
RESULTS AND DISCUSSIONS

X-Ray Diffraction
The XRD pattern of the prepared In 2 S 3 nanoparticles is displayed in Figure 2 , which exhibits sharp diffraction [41] and it was found to be 76.3nm, the unit cell volume is 1034.9 Å 3 and α = β = γ =90 0 ,( a = b= c= 10.11 Å). Accordingly, From the optical absorption spectra it is clear that, maximum absorption for In 2 S 3 nanoparticles is at 350 nm.
This peak position reflects the band gap of this nanoparticle and the synthesized nanoparticles are photoactive, under UV light radiation. There is no absorption peak at visible region. The indirect band gap of the sample is calculated, using
Tauc's plot [43, 44] by plotting ( αhm) 1/2 verses hγ and then, extrapolating the straight portion of the curve, on hγ axis at α=0 as shown in figure 4 and found to be 2.9 eV. This is significantly blue shifted from that of bulk In 2 S 3 (λ max = 601nm, E g = 2.07 eV ) and consistent with the quantum confinement effect [45] . 
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Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray Analysis (EDAX)
Nanoparticles was investigated by FE -SEM shown in Figure 5 . The SEM the sample consists of aggregates of particles ( Figure 5A ), with irreg ) like structure. The elemental analysis of In 2 S 3 nanoparticles was carried out using EDAX m and Sulphur. The EDAX result also shows the presence of smaller amount of oxygen as impurity
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The size and morphology of the synthesized In 2 S 3 nanoparticles were investigated showed that, the material is particulate ( 
Measurement of Zeta Potential by Dynamic Light Scattering (DLS)
The Zeta potential of In 2 S 3 nanoparticles were determined using Zeta sizer Nano-ZS90 (Malvern instruments).
The analysis was performed at an angle of 90 0 , at a temperature of 25 0 C, using sample diluted with acetone at pH 7.
The lower Zeta potential value In 2 S 3 nanoparticle (Table 1) suggests that, the nanoparticles obtained from electrochemical method have a better stability of dispersion in aqueous solution, at neutral pH and can enhance the adsorption of cationic organics, on the surface and thus, improve the photo catalytic efficiency of cationic organic pollutants. The high conductivity and field strength of 4uS/cm and 5.0kV/m, respectively make In 2 S 3 nanoparticle, a promising electronic applicant. 
Impedance Studies
The impedance analysis was performed in a frequency range, from 100 Hz to 10 K Hz, using WAYNE KERR 6500B precision impedance analyzer at room temperature. The (Table 2) . Beyond the optimum dye concentration, as the initial concentration of dye increases, the degradation efficiency reduces. The possible reason is that, as initial concentration of dye is increased, more dye molecules are adsorbed onto the surface of the catalyst. But, the adsorbed dye molecules are not degraded immediately, because the intensity of the light and the amount of catalyst is constant and also, the light penetration will be less. Also, with increase in dye concentration, the solution becomes more intense coloured and the path length of the photons entering the solution is decreased thereby, fewer photons reached the catalyst surface [38] .
Hence, there will be reduction in the production of ROS species like hydroxyl and superoxide radicals [47] . Therefore, the photo degradation efficiency is reduced. The COD for IC solutions before and after degradation were measured and tabulated in Table 2 .
Effect of Catalyst Loading
The experiments were performed by taking different amount of catalyst, varrying from 0.02 to 0.06g, in order to study the effect of catalyst loading ( Figure 10 and table 2 ). Several studies have indicated that, photocatalytic rate initially increases with catalyst loading and then, decreases at high values because of light scattering and screening effects [38, 48] .
The tendency toward agglomeration also increases at high solid concentration, resulting in a reduction in the surface area available for light absorption and a decrease in photocatalytic degradation rate. The number of active sites in solution will increase with catalyst loading, a point appears to be reached, where light penetration is compromised because of excessive particle concentration [49] . A further increase in catalyst loading beyond the optimum (0.02g), will result in non-uniform light intensity distribution, so that, the reaction rate would indeed be lower with increased catalyst dosage.
Effect of pH
The pH of the solution is one of the important factors, in evaluating the photo degradation reaction in aqueous medium. In the present work, the pH of the solution was adjusted by adding 0.01M HCl solution and 0.01M NaOH The results are illustrated in Figure 11 and tabulated in Table 2 . It can be suggested that, the influence of pH on photo degradation is due to the amount of dye adsorbed on nanoparticles. It was observed that, the rate of photo catalytic degradation of IC increases, with increase in pH up to 10. This observation can be explained, on the basis that, as the pH of the solution increases, more OH -ions are available. These OH -ions will generate more OH radicals, by combining with the positive holes of the semiconductor [50] . These hydroxyl radicals are responsible for the degradation of the dye.
Re-Use of Photo Catalyst
The possibility of reusing the photocatalyst was examined to see the cost effectiveness of the method used ( Figure   12 and table 2). After degradation of the dye, the dye solution was kept standing for 10 hrs and then, the supernatant liquid was decanted. The photocatalyst was thoroughly washed with double distilled water and then, reused for the photodegradation, by taking fresh IC dye solution. The re-use sample has shown almost same degradation efficiency compared to the fresh samples, while an obviously decrease in photoactivity was noticed with the reuse cycles [51] . This indicates the nano samples, that can be regenerated and re-used with slightly less efficiency. An obviously decrease in rate of reaction was observed, with the second use of catalyst. Reuse cycles might cause the aggregation of photocatalyst and the decrease in specific surface area and the losses of catalyst, resulting in a loss of catalytic activity [52] . 
Bacterial Growth Condition
The Gram negative bioluminescent Photo bacterium lieognathi (accession number: KM434234 ), isolated from coastal area of Goa, were used in this study. Bacteria were grown in nutrient broth (NB) containing 3% sodium chloride, with aeration at 25˚C for 24 h. 10µl of the overnight culture was inoculated into 100 ml of nutrient broth and incubated under the same condition until the OD 600 reaches 0.5 ( approximately 12 hours), as at this OD bacteria were emitting the maximum amount of light.
Reagents 1mg/ml stock solution of nanoparticles was prepared in sterile distilled water. To disperse the nanoparticles, the suspension was sonicated, before use. Later, nanoparticles dilutions were prepared in sterile broth. As these solutions are later inoculated with an equal amount of bacteria in broth, the dilutions are prepared at concentration twice the desired final concentration.
Minimum Inhibitory Concentration (MIC) Assay
Broth microdilution technique has been used to determine the MIC of nanoparticle. For this purpose, two fold serial dilutions of the compound ranging from 500 to 0.4 mg/ml were performed in 96-well white microtiter plate. Initially 100 µl of bacterial inoculums was placed into the wells of the plate and later each well seeded with 100 µl of nanoparticle 
RESULT AND DISCUSSIONS
The % inhibition of bacterial growth at different concentrations of nanoparticles, is tabulated in table 3 and the results are plotted in figure 13 . The MIC is defined as the lowest concentration of nanoparticles, that inhibits the growth of a microorganism. The percentage of inhibition for the nanoparticle has showed in table 3. The MIC value for the tested nanoparticle is 31.25 µg/ ml. 
